Introduction
Hyperpigmentation, such as senile lentigo, melasma, pigmented freckles and acne scars are of interest to dermatologists and cosmetologist, but melanin pigments are also found in the brain of mammals, by tyrosinase enzyme that plays a role in neuromelanine forming in the brain. 1 This mixed function could be critical for dopamine neurotoxicity and can contribute to the neurodegeneration associated with Parkinson's disease. 2 Tyrosinase is a key enzyme in melanin biosynthesis in plants and animals. Tyrosinase inhibitors may be clinically useful for the treatment of certain dermatological conditions associated with hyperpigmentation high melanin production; they also find applications in cosmetics for depigmentation after burns. 3 Additionally, tyrosinase is involved in the process of insect molting and adhesion of marine organisms. Tyrosinase inhibitors have been used in cosmetic products that promote skin lightening. 4 Melanogenesis is a physiological process that results in the synthesis of melanin pigments, which play a crucial role in the protection of skin photocarcinogenesis. The key component of normal skin color is provided by the melanin, tyrosinase is a key enzyme in the biosynthesis of melanin, it mainly focuses on catalyzing 2 reactions in the synthesis process. Hydroxylation of L-tyrosine (tyrosine monophenolic activity) to 3,4-dihydroxy-phenylalanine (L-DOPA) and the oxidation of L-DOPA (diphenolase activity), to give dopaquinone. 5, 6 The use of tyrosinase inhibitors such as kojic acid and hydroquinone is increasingly important in the cosmetic industry due to its anti-pigmentation effects. 7 Recent findings show that 4-n-butylresorcinol had the potential to acto as an effective depigmentation agent high better security profile than currently available agents. 8 The search for tyrosinase inhibition activity in natural products has demonstrated that vegetal extracts could be a potential source of new ingredients or isolated molecules. In a screening of tropical plants from Brazil, 67 species from 38 familias were studied, demonstrating good activity in 5 (7.46%) species (Stryphnodendron barbatimao, Portulacca pilosa, Cariniana basiliensis, Entada africana and Prosopis africana). 9 From 91 native plants from Central Argentina, 18 (19.78%) showed inhibitory activity higher than 90%; Dalea elegans, Lepechinia meyenii and Lithrea molleoides were the most potent (IC 50 0.48, 10,43 and 3.77 μg/ml respectively); (Z,Z)-5-(trideca-4,7-dienyl)-resorcinol isolated from L. molleoides, was 37 times more active than kojic acid. 4 The family Piperaceae, is a basal angiosperm present on the surface of the earth for millions of years. The 2 largest
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Armando Cáceres, Departmento de Citohistología, Facultad de Ciencias Químicas y Farmacia, Universidad de San Carlos, Guatemala Email: acaceres46@gmail.com genuses are Piper and Peperomia, each containing about 1000 species. 10, 11 They are represented by herbs, shrubs and trees, widely distributed in the tropical and subtropical regions of the world, several species are used by men as condiment, food, ornamentals, perfumes, oils, fish bait, fish poison, insecticides, hallucinogens, and many medicinal uses since ancient times. [13] [14] [15] [16] [17] [18] Besides, the interaction with disperser animals such as bats or with caterpillars and beetles has indicated Piper as an important model species to investigate tropical ecology. 11 The biogeography of the genus indicates a great diversity in the American continent, where 3 biogeographic provinces (Central America, Mexico and Colombian northwest, the Amazon basin and the Atlantic forest of Brazil) are described. 12 Piper species have high commercial, economical and medicinal importance; particularly for pepper (Piper nigrum) in the worldwide spice markets and for its wide range of biological activities, 19 several chemical and biological investigations are known for their medicinal interest, mainly essential oils.
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Materials and Methods
Plants and Extracts
Samples from 10 species of genus Piper were collected from cropland or management fields in Alta Verapaz or Suchitepequez, according to good collection practices, including permission to collect, technical planning, selection of representative flowering specimens, identification by a biologist (Luis Alvarez) from Farmaya Laboratory Herbarium (CFEH), confirmation by a botanist (Mario Veliz, BIGU Herbarium, USAC), and deposit of voucher specimens at CFEH Herbarium from Farmaya Laboratories (Table 1) . Grounded shade-dried vegetal (500 g, about mesh No. 60) materials were extracted by sequential percolation with dichloromethane for 2 days followed by extraction with methanol for 3 days; both eluents were concentrated by rotary evaporator, and dried in a vacuum dryer.
Tyrosinase Inhibitory Activity Qualitative activity was determined by thin layer chromatography (TLC). 7 A solution of L-tyrosinase (3,333 U/ml) was prepared by dissolving 2 mg in 10 mL of phosphate buffer (PBS, pH 6.5, 50 mM). The substrate was prepared by dissolving 3.6 mg of L-tyrosine solution in 10 ml of PBS. The methanol extract was prepared by dissolving 20 mg in 50 mL of DMSO and 950 ml of acetone, the dichloromethane extract was prepared by dissolving 20 mg in 1 mL of acetone. The positive control contained 1 mg of kojic acid in 10 ml of demineralized water. The extracts (10 µL) dissolved in dichloromethane and/or methanol were added on silica gel plates, allowed to dry, and placed in the chromatographic chamber previously saturated with acetone:methanol (1:49). Plates were remove from the mobile phase and allowed to dry. Plate with L-tyrosine as a substrate (2 mM) was sprayed and incubated at 25°C for 10 minutes; plate with L-tyrosinase solution was sprayed and incubated at 25°C for 30 minutes. Gray-purple and clear zones of inhibition of the enzyme L-tyrosinase coloration was observed, indicating the active compounds in the extracts. Quantitative antityrosinase activity was determined spectrophotometrically. 4 ,7 L-tyrosinase (0.20 mg) was dissolved in 10 mL of phosphate buffer (pH 6.5, 50 mM), 20 mg of extracts and purified compounds was dissolved in DMSO to give concentrations (25 to 400 mg/mL), and this stock solution was diluted to 600 μg/mL in the phosphate buffer. Kojic acid was used as a positive control (20 mg/mL); 70 mL of extracts and standard sample were combined with 30 mL of tyrosinase in triplicate in a 96-well microtiter plate, and was incubated at 37°C for 60 minutes. The reaction mixture to 110 μl of substrate (2 mM L-tyrosine) was added and incubated at 37°C for 15 minutes. The change in absorbance at 492 nm was measured.
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Results
Extracts with 2 organic solvents were obtained by sequential extraction, showing yields from, 6.97% to 15.53% for dichloromethane, and 3.29% to 8.63% for methanol (Table 1) . In Table 2 it can be observe that the 20 extracts analyzed by TLC showed some degree of tyrosinase inhibitory activity. Some had a double inhibition band, indicating that at least 2 molecules might be implicated in this activity. It can also be observed the quantitative inhibition concentration 50% (IC 50 ), the confidence interval of 95%, and the kojic acid equivalent in mg per g; values of kojic acid standard are included. The extracts that showed better tyrosinase inhibitory activity (IC 50 1.2-2.0 μg/ml) were P. variabile and P. umbellatum; kojic acid gave an IC 50 of 1.2 ± 0.1 μg/ml. The extract with a better inhibition in both solvents was P. variabile presenting similar IC 50 .
Discussion
This paper focused on studying ten species of genus Piper. Many of these plants are known as "cordoncillo" and are credited with analgesic, antirheumatic, diuretic, stimulant, digestive, antiulcer, antihelmintic, antibacterial and aromatic properties, and are widely used for the treatment of vaginitis, bowel disorders and as an antimicrobial. 21 Due to this wide variety of uses, 10 species were selected for screening of the tyrosinase inhibitory activity. The extractive yield obtained in the methanol extract was better than in the dichloromethane except for P. auritum, P. jacquemontianum y P. retalhuleuense. The best yields with methanol were P. variabile (15.53%), P. sempervirens (11.49%) and P. psilorhachis (10.71%); in the dichloromethane extracts, the best yield was obtained from P.
jacquemontianum (8.63%).
The variation of the yield percentages are affected by factors such as the extraction process, the nature of the (polar or non-polar) metabolites, the solvent used, the time of the year that it is collected and the place of origin or cultivation. 21 To validate the methodology, dose-effect curves were prepared with kojic acid as standard and adapted to standard laboratory conditions. 7 Qualitative and quantitative methodologies were standardized to evaluate the activity for potential application in cosmetology. According to Kim et al, 22 tyrosinase is the rate-limiting enzyme in the biosynthesis of melanin pigments responsible for the color of hair, skin and eyes. Tyrosinase inhibitors have been used in cosmetic products that promote skin lightening, 4 but most of them do not meet all the requirements of clinical efficacy, and adverse effects are observed. 2 Consequently, alternative agents are substances derived from plants that have been proven safe and effective supplement for the treatment of certain disorders in humans. 23 This study demonstrated that some species of Piper, have tyrosinase inhibitory activity. The presence of tyrosinase inhibitory activity in organic extracts was determined by a qualitative TLC method, revealing positive activity due to a chelating effect, since the active site of the species separates the metal ion of the enzyme (Cu + ), forming a complex system that inhibit the metal ion to participate or catalyze the substrate-enzyme reaction, that will showed a clear zones of inhibition of tyrosinase in all dichloromethane extracts tested. Four of the analyzed extracts showed 2 inhibition bands in the methanol extract, implying that at least 2 molecules might be involved in tyrosinase inhibition activity; pevious extraction with dichloromethane eliminated fats, due to its hydrophobic character, which helps eliminate false positives. 4 The best inhibitory activity of tyrosinase inhibition activity was demonstrated by the dichloromethane (IC 50 2.0 μg/ mL) and methanol (IC 50 de 2.1 μg/mL) extract of P. variabile, because it inhibited 50% of tyrosinase with the least amount of extract as interpreted by Momtaz et al. 7 The second best activity was the dichloromethane extract of P. umbellatum (IC 50 4.9 μg/mL), followed by the methanol extract of P. psilorachis (IC 50 6.5 μg/ml), while the one with the smallest activity was the dichloromethane extract of P. hispidum (IC 50 46.8 μg/mL). When comparing the results of the extracts with the reference standard can be seen that the standard has a higher tyrosinase inhibitory activity than the extracts analyzed, the species closest to the CI 50 of the standard is the dichloromethane extract of P. variabile. The identification of chemical compounds in this species, capable of modulating the metabolism of pigmentation is of great interest. It should be discarded a false positive caused by enzyme inhibition by the interference of fat since this is a nonpolar solvent, but this should be confirmed. 24 The extract that showed the least amount of equivalents was P. variabile, in the dichloromethane extract (4.4 ± 0.2 μg EAK/mg) and methanol (5.4 ± 0.2 μg EAK/mg), followed by methanol extracts P. amalago (7.9 ± 0.3 μg EAK/ mg), dichloromethane extract of P. psilorhachis (15.9 ± 0.3 μg EAK/mg), and finally methanol extract of P. jacquemontianum (16.0 ± 0.3 μg EAK/mg). The species that reported the greater amount of EAK were the dichloromethane extract of P. hispidum (71.1 ± 0.3 μg EAK/mg) and P. sempervirens (66.9 ± 5.4 μg EAK/mg) therefore less tyrosinase inhibitory activity is expected, since the lower the value of μg EAK/mg extract expect the greater inhibition. 3 In the literature reviewed no information was found from previous studies about the antityrosinase activity of the Piper species included in this study, so it is necessary further studies to give clear evidence of its lightening or whitening power and clinical efficacy, as well as chemical and toxicological studies of the plants that inhibited more than 50% for use in human benefit. 2 With these findings evidence is presented about the potential of the genus Piper for use as potent skin whitening agents.
